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Introduction
Depression and self-neglect in older adults is an increasing problem in health-care management and delivery. Depression is known to be associated with self-neglecting behaviour and not complying with medical advice [1] , but this is not well defined in older adults. Self-neglect is characterised by profound inattention to health and hygiene and was recently shown to be associated with lower levels of physical function [2] and increased risk of mortality [3] . Depression has been found to have a high prevalence in elderly primary care patients: major depression has been estimated at 6.5-9% [4, 5] , and minor depression at 10-20% [6, 7] . Major and minor depression in older adults have been shown to be associated with increased perception of unexplained physical symptoms such as headache and dizziness [8] , and increased functional impairment [9] .
Several studies have examined the impact of depression on medical utilisation in elderly primary care patients. Patients underwent screening in two studies with the Center for Epidemiologic Studies Depression Rating Scale: those studies found that patients with clinically significant depressed mood had significantly higher total ambulatory medical costs for periods of 9 months [10] and 4 years [11] . A recent study also showed that elderly patients diagnosed by their primary care physician as having depression had increased total ambulatory costs and combined ambulatory and inpatient costs compared with control subjects during a 1-year period [12] .
These three studies have left several questions unanswered. Because the older persons may be less likely to seek mental health or primary care services for depression, it is unclear whether high use of medical care would be found if the studies were based on the entire population enrolled in the health-care plan rather than on those who visited clinics.
It has been recently shown that comorbid depression is significantly associated with lower health states in respondents with chronic conditions in comparison to having chronic conditions, including multiple chronic conditions, without depression [13] . The present investigation used a population-based sample of 3,938 adults 64-94 years of age to examine whether depressed older adults have a higher use of health-care services than patients without depression. We also examined whether depression increased the effect on higher use of health-care services depending on chronic medical disease.
Methods

Setting
We investigated depression, self-neglect behaviour and somatic comorbidities in 3,938 participants of the KORA-Age study. KORA-Age study is a follow-up of all participants aged 64-94 of the MONICA/KORA surveys S1-S4 [14] . Participants were randomly selected from population registries of the study region, comprising the city of Augsburg and its two surrounding counties in Southern Germany. KORA-Age is a population-based, longitudinal study designed among others to determine the prevalence of successfully aged men and women between 64 and 94 years old in the MONICA/KORA Augsburg cohort of randomly selected inhabitants [15] . The KORA-Age study was approved by the Ethics Committee of the Bavarian Medical Association.
Participants
The KORA-Age study involves a health questionnaire administered to all participants of the MONICA/KORA cohort who were born between 1 January 1915 and 31 December 1943 (n = 4,565; response rate = 76%); a telephone interview to determine multi-morbidity and mental health status of the participants (n = 4,127; response rate = 69%), and medical examinations and clinical interviews with a sub-sample of the cohort (n = 1,079; response rate = 54%). From the 3,942 participants who responded themselves to the telephone interview, a total of 3,938 answered the depression questionnaire and were included in the present study. Interviews and examinations were carried out between September 2008 and November 2009.
Outcome variable
Health-care utilisation: doctors visits and hospital days Utilisation of health care was assessed via self-report. Items for doctors visits read as follows: 'In the last 3 months, did you consult any physician (excluding dentist)?' (if yes) 'How often did you consult a physician in the last 3 months?' Likewise, the number of inpatient days was estimated, using the following items: 'In the last 12 months, have you been hospitalised at all?' and (if yes) 'In sum, how many days or weeks have you been hospitalised in the last 12 months?'
Covariates
Depression
Depression was measured in the telephone interview by the Geriatric Depression Scale (GDS-15) from Sheikh and Yesavage [16] . This scale comprises 15 items with yes/no answers. The maximal score is 15 points, where 0-5 indicates normal, 6-10 light to moderate depression and 11-15 severe depression. In the present investigation, participants with scores above 5 were considered to suffer from depressed mood.
Self-neglect behaviour
Self-neglect behaviour was characterised by either the tendency to skip a meal (never/almost never, sometimes, often, almost everyday), not to do any physical activity or not to follow through on planned activities. One item from the Risk evaluation for eating and nutrition, Version II (SCREEN II) was used to evaluate the tendency to skip a meal [17] . As an instrument to assess physical activity three questions were used, which have already been used in previous MONICA/KORA studies [18] . Participants were classified as active if they regularly participated in sports in summer and winter, and if they were active for at least 1 h a week in either season. One item from the Resilience Scale 11 [19] was used to assess whether participants follow through on planned activities or not. All questions were asked in the telephone interview.
Somatic comorbidities
Presence of self-reported somatic chronic diseases (respiratory, gastrointestinal, heart, neurological, kidney and/or liver diseases, arthritis/rheum, cancer, stroke or diabetes mellitus) was determined in the telephone interview or health questionnaire through a modification of the Chaudhry questionnaire [20] . Somatic comorbidity was defined as more than one of those diseases present in a participant.
Clinical variables
Use of medication, self-perceived poor health (very good, good, fair and bad) and pain/discomfort (not at all, some and extreme) were self-reported and documented in the health questionnaire.
Statistical analysis
Age was stratified in 5-year categories with the last two groups being joined together due to the small number of participants in these groups. Differences in health service utilisation were analysed in participants with depressed mood and without adjusting for age (in five groups) either with the Mann-Whitney U test for continuous variables with two groups or with the Kruskal-Wallis test for continuous variables with more than two groups. Bonferroni correction was applied for multiple testing (16 comparisons; P-value of <0.003).
Differences in percentages of self-neglect behaviour, somatic comordibities and health behaviours in participants with and without depressed mood were analysed with the χ 2 test. Differences in length of health service utilisation were analysed in participants with depressed mood and without adjusting for disease (in two groups: chronic disease vs. healthy) with Mann-Whitney U test for continuous variables.
The distribution of the visits to the doctor is positively skewed. The negative binomial regression model fitted better than did the Poisson model (χ 2 = 2,840, P < 0.0001, showing substantial overdispersion). We also checked the appropriateness of the negative binomial regression model compared with zero-inflated negative binomial regression, using the Vuong test (v = 26.37, P < 0.0001). Therefore, negative binomial regression analysis was used to test for association between depressed mood and the increased numbers of doctors' appointments. The distribution of the days in hospital is also positively skewed. The negative binomial regression model fitted better than did Poisson model (χ 2 = 39,656, P < 0.0001, showing substantial overdispersion). We also checked the appropriateness of the negative binomial regression model compared with zero-inflated negative binomial regression, using the Vuong test (v = −43.87, P < 0.0001). Therefore, zero-inflated negative binomial regression analysis was used to test for association between depressed mood and the increased numbers of days in hospital. The strength of the associations was calculated with incidence rate ratios (IRRs) 
Results
Medical care use
Depressed mood participants visited more often the doctor during the last 3 months (Figure 1a , Z = 8.9; P < 0.0001) and stayed longer hospitalised in the last year (Figure 1b , Z = 5.19; P < 0.0001) than those without depressed mood. This is true when subdividing the sample in 5-year age groups for doctors' visits for all participants except those in the 80-84 years old group (all P < 0.003). Visited doctors were: general practitioner (84.3%), oculist (29.7%), orthopaedist (17.6%), urologist (12.4%), dermatologist (11.5%), otolaryngologist (10.3%), radiologist (9.5%), cardiologist Figure 1 . (a) Mean and 95% CI number of visits to the doctor in the last 3 months for depressed and non-depressed participants clustered in five age groups. (b) Mean and 95% CI number of days in hospital last year for depressed and non-depressed participants clustered in five age groups. **P < 0.01; ***P < 0.0001.
(8.5%), neurologist (7%), specialist in internal medicine (6.3%), gynaecologist (6.3%), surgeon (2.8%) and other doctors, i.e. psychiatrist (2%). With Bonferroni correction for multiple testing, there were no differences in specialists visited between depressed and non-depressed participants (P < 0.003).
For hospital stay remains significant in the age groups 64-69 and 70-74 (P < 0.01). In participants with no depressed mood, with increasing age raises as well the number of visits to the doctor (P < 0.0001); whereas no differences in the service utilisation for different age groups were found in participants with depressed mood. No differences were found either for non-depressed or depressed participants in the number of days in hospital for different age-groups.
Sample description
Population demographics and clinical characteristics were compared for participants with or without depressed mood (Supplementary data are available in Age and Ageing online). Fourteen per cent of the participants (n = 541) were classified as having depressed mood. Increased self-neglecting behaviours and medical comorbidities in participants with depressed mood were observed. Depressed participants were less likely to be males and married. Participants with depressed mood perceived themselves less healthy and had an increased medication use. Pain and memory loss complaints were as well more often reported by the depressed participants. No significant differences were observed in the self-neglect behaviour 'often skip meals'. When stratifying the sample in two age groups (64-75 and >75) in order to see if the age differences explained the health differences, similar results were found. The only difference between age groups was found in younger participants; there was no difference in sex distribution according to depression; and in older participants there was no difference in stroke incidence among depression groups.
Disease adjustment
Among participants who went to the doctor during the last 3 months (n = 3,185), those with depressed mood went more often to the doctor in the last 3 months than those without irrespective of having a chronic condition or not (Figure 2 , Z = 6.3; P < 0.0001 and Z = 1.9; P = 0.03, respectively, for ill and healthy). Those ill went more often to the doctor irrespective of depressed mood or not (Figure 2 , Z = −10.14; P < 0.0001 and Z = −4.25; P < 0.0001, respectively, for non-depressed and depressed). Additionally, the interaction chronic condition * depression is highly significant (Kruskal-Wallis = 183.9, P < 0.0001).
In participants with medical disease, the GDS-15 may have a lower specificity. Therefore, we repeated the analysis in a sensitivity analysis using a higher cut-off for GDS-15 (≥10). Essentially, similar results were obtained: participants with depressed mood went more often to the doctor if they were healthy (P = 0.0003). No differences were found for ill participants (P = 0.27). Those ill went more often to the doctor irrespective of depressed mood or not (P < 0.0001 and =0.008, respectively, for non-depressed and depressed).
Determinants of medical care use
Having depressed mood significantly increases the likelihood for an increased number of doctor visits (IRR = 1.46, 95% CI = 1.27-1.69, P < 0.0001) and hospital stays (IRR = 1.9, 95% CI = 1.55-2.32, P < 0.0001). Having no somatic comorbidities causes a slight decrease in the significance of depressed mood on the number of doctor visits (IRR = 1.22, 95% CI = 0.99-1.50); whereas having somatic comorbidities increases the strength and significance of this association (IRR = 1.64, 95% CI = 1.33-2.03). Having no somatic comorbidities increases the significance of depression on the length of hospital stay (IRR = 3.41, 95% CI = 1.96-5.93) ( Table 1) .
Discussion
The results of the present study revealed that elderly participants who suffer from depressed mood showed selfneglecting behaviour more often than non-depressed participants. Additionally, they used health-care services more often; not only out-but also in-patient resources. Furthermore, patients with coexisting depressed mood and somatic comorbidities visited doctors' practices and hospitals significantly more often. Figure 2 . Mean number of doctor visits for those participants, who went to the doctor in the last 3 months, separated according to depressive symptoms and physical disease (n = 3185). *P < 0.05; ***P < 0.0001.
There are a number of possible explanations for the present finding of a significant increase of medical service utilisation in depressed participants with somatic comorbidities. First, depressive somatic symptoms could mask physical pathology, which then goes undiagnosed, remains undetected and requires longer correcting. This explanation is related to the psychopathology of depression. Healthy individuals may report physical symptoms relatively early; depressed patients may delay reporting of symptoms [21] . Different degrees of physical disease severity may account for differences in medical care utilisation, and severe physical disease may occur more frequently in depression. Contrarily, depression could have been made more severe in the group with physical disease.
A further issue to be taken into account relates to differential patient compliance with medical treatment. A decrease in compliance with medical treatment will increase hospital stay and the number of doctor visits. There is known, decreased patient motivation for treatment compliance due to hopelessness in depressed participants [22] . Depression is associated with medication nonadherence in outpatients with coronary heart disease, which likely contributes to adverse cardiovascular outcomes in depressed patients [22] . Even low levels of depressive symptomatology are associated with non-adherence of important aspects of diabetes self-care. Interventions aimed at alleviating depressive symptoms, which are quite common, could result in significant improvements in diabetes self-care [23] . Unfortunately, we were not able to assess the impact of medication nonadherence in this cohort.
Our data regarding depression and self-neglect behaviour, although in the expected direction, is in some ways conflicting with the other findings. If individuals with depression are neglecting themselves, why is their health-care utilisation so high? Possible explanations are that they use health care because they are sicker, as suggested by Burnett J et al. [24] . It has been also suggested that uncontrolled pain produced by disease leads to depression [25] . Another possibility is that the inclusion of mental health services in the outcome measure confounds the effect. The latter is not probable, due to the small number of participants who could go to mental health services (in our sample, up to 2%).
The present study has several important strengths. Foremost, it is a population-based sample, in which healthy and ill participants were included, with welldefined health outcomes, and inclusion of an exhaustive list of relevant covariates. Some limitations, however, need to be addressed. Technical limitations of the study include the potential inaccurate characterisation of hospital types. Stays in psychiatric hospital are usually longer than in other facilities. Besides, the severity of medical disease could confound the relation between depression and health-care utilisation. However, the appropriate investigation of this question opens a new perspective which cannot be undertaken in our epidemiologic setting. The important effect of disease severity in the literature is on its mortality risk [26] , and other aspects of medical use such as frequency and type of prescriptions or the quality of life would be needed to appropriately investigate this issue. To do so would have required more specific clinical and medical records information which we do not have access to. However, in order to account at least partially for the confounding effect, we have taken into account the number of self-reported diseases. Moreover, the Chaudhry questionnaire as a method of classifying comorbidity is composed of a list of severe comorbid diseases [20] .
The present study demonstrates that the comorbidity of depression and physical disease is associated with longer hospital stays as well as more frequent doctor visits. Table 1 . Depressed mood and visits to the doctor in the last 3 months/hospital stay in the last year as modelled by multivariate negative binomial regression models, before and after stratification for somatic comorbidities Key points
• Participants with depressed mood showed increased selfneglecting behaviours, incidence of medical comorbidities and use of medical services.
• Depression increased the number of doctor visits in patients with no disease, and even more dramatically in patients with somatic comorbidities.
• Elderly participants with depressed mood had significantly increased likelihood for more doctor visits and longer hospital stays.
